ABSTRACT Ten patients with hypoplastic left heart syndrome underwent cardiac catheterization to assess the effectiveness of palliative surgery designed to prepare them for a modified Fontan procedure. The objectives of palliation were to establish unobstructed systemic blood flow, normalize pulmonary blood flow and pressure, and relieve pulmonary venous obstruction. In the first four patients, systemic blood flow from the right ventricle was established by means of a conduit from either the right ventricular free wall or the proximal main pulmonary artery to the thoracic aorta. Pulmonary blood flow was limited by pulmonary artery banding and ligation of the ductus arteriosus in three patients and by a Blalock-Taussig shunt in one. Conduit obstruction of systemic blood flow developed in two of these infants, and pulmonary vascular abnormalities precluded reparative surgery in the other two. In the other six patients, systemic blood flow was established by direct anastomosis of the proximal main pulmonary artery to the ascending aorta and aortic arch. The pulmonary vasculature was protected by providing pulmonary flow through a central or Blalock-Taussig shunt. The 104-108, 1983. NEWBORNS with hypoplastic left heart syndrome (HLHS) have one effective ventricle and depend on patency of the ductus arteriosus for maintenance of the systemic circulation. Physiologic closure of the ductus arteriosus in the neonatal period is the most common cause of death. Any significant improvement in longterm outlook for infants with HLHS is based on the feasibility of separating the pulmonary and systemic circulations, which is analogous to Fontan's physiologic correction of tricuspid atresia, another form of congenital heart disease in which there is only one effective ventricle.' The use of such a procedure is predicated on the observation that pulmonary circulation can be maintained without a ventricular pump if pulmonary vascular resistance is low, as it is in the normal mature lung. Pulmonary vascular resistance of the newborn infant, however, is physiologically high,2
NEWBORNS with hypoplastic left heart syndrome (HLHS) have one effective ventricle and depend on patency of the ductus arteriosus for maintenance of the systemic circulation. Physiologic closure of the ductus arteriosus in the neonatal period is the most common cause of death. Any significant improvement in longterm outlook for infants with HLHS is based on the feasibility of separating the pulmonary and systemic circulations, which is analogous to Fontan's physiologic correction of tricuspid atresia, another form of congenital heart disease in which there is only one effective ventricle. ' The use of such a procedure is predicated on the observation that pulmonary circulation can be maintained without a ventricular pump if pulmonary vascular resistance is low, as it is in the normal mature lung. Pulmonary vascular resistance of the newborn infant, however, is physiologically high,2 and a staged surgical approach is therefore necessary for definitive treatment of infants with HLHS. The initial palliation must establish permanent unobstructed communication between the right ventricle and the aorta, limit the pulmonary blood flow and pressure to near normal levels, and ensure a large interatrial communication; the first objective is necessary for adequate systemic perfusion and to preserve ventricular function, while the second two are essential for normal development of the pulmonary vasculature. Our initial results with developing surgical techniques to meet these objectives have been reported.3' 4 In this article we present hemodynamic data from cardiac catheterization of 10 survivors of palliative surgery to assess their suitability for a modified Fontan procedure.
Methods
Between September 1979 and December 1982, 35 infants with HLHS (ages 1 day to 6 months, median 5 days) underwent various forms of palliative surgery at the Children's Hospital Medical Center, Boston. The surgical procedures used in these patients have been previously described.3 4Briefly, in our study group of 10 patients, the first four underwent procedures in THERAPY AND PREVENTION-CONGENITAL HEART DISEASE from the main pulmonary artery to the aorta. In three infants, pulmonary blood flow was limited by pulmonary artery banding and ligation of the ductus arteriosus. In the fourth, pulmonary blood flow was limited by a Blalock- Taussig shunt (table 1) . The last six patients in the study group were palliated by an operation that evolved from our previous experience (figure 1). Output from the right ventricle to the aorta was established through the proximal main pulmonary artery, which was used to reconstruct the diminutive ascending aorta and aortic arch. Pulmonary blood flow was established by a central or BlalockTaussig shunt. Pulmonary venous obstruction was relieved by balloon atrial septotomy or atrial septectomy. All procedures were performed during a period of circulatory arrest, with body temperature at 200 C.
Ten patients underwent cardiac catheterization 2 weeks to 16 months after surgery (median 6 months). Four of these patients underwent catheterization for clinical indications and six were electively studied to assess effectiveness of the palliative surgery. The objectives of the hemodynamic studies were to determine (1) the pressure difference between the right ventricle and the thoracic aorta, (2) right ventricular end-diastolic pressure, (3) systemic arterial oxygen saturation, (4) pulmonary vascular resistance, and (5) left and right atrial pressures.
Results
Of the 13 patients discharged from the hospital after palliative surgery, 10 underwent cardiac catheterization ( obstruction to systemic output but had complete occlusion of the right pulmonary artery secondary to a main pulmonary artery band placed distal to a conduit.3' There was no obstruction to systemic output or derangement of the pulmonary artery architecture in the last patient in this group (J. L), but there was elevated pulmonary artery pressure secondary to an obstructive interatrial communication.
The remaining six patients were palliated by the procedure we now favor (figure 1). None of these patients had a significant systolic pressure gradient between the right ventricle and the thoracic aorta. One patient who underwent a preoperative balloon atrial septotomy had a restrictive interatrial communication with a 19 mm Hg gradient between the left and right atria. Another patient had progresive tricuspid regurgitation that was treated by replacement of a structurally abnormal tricuspid valve. Postoperatively, all patients had low right ventricular end-diastolic pressure and pulmonary resistance.
Discussion
The term "hypoplastic left heart syndrome"' has been used to describe various degrees of underdevelopment of the left heart structures.6 7 In the most complex form of HLHS As a result of unobstructed outflow and limited pulmonary blood flow, right ventricular function has been well preserved during the follow-up period. The ultimate fate of the right ventricle functioning at systemic pressure remains a hypothetical concern. Three patients had tricuspid regurgitation on presentation as neonates. One patient could not be weaned from cardiopulmonary bypass; the second infant developed progressive regurgitation from a structurally abnormal valve, which was later replaced. The third patient's tricuspid regurgitation was mild to moderate when she presented at 2 weeks of age and it abated shortly after palliative surgery, suggesting that the tricuspid valve 
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Atrium regurgitation was at least in part related to preoperative ventricular dysfunction. At present we consider tricuspid regurgitation a relative contraindication to surgical management.
Our experience suggests that the pulmonary vasculature is best preserved and protected by the use of a shunt to provide pulmonary artery blood flow. The pulmonary vascular resistance is extremely dynamic in these neonates perioperatively, and the appropriate pulmonary blood flow is often difficult to establish. Recently, the use of a Blalock-Taussig shunt has been most effective.
Pulmonary blood flow as well as maturation of the Fontan procedure, in which the atria was partitioned so that the left atrium was associated with the tricuspid valve and the right atrium was anastomosed to the pulmonary arteries. 16 The first patient died of progressive right heart failure, with evidence of increased pulmonary vascular resistance. He had a moderately restrictive interatrial communication documented at cardiac catheterization before corrective surgery. The second patient died of sudden and unexplained hyperkalemia several days after surgery. The last two patients, who had separation of the pulmonary and systemic circulations at 16 and 13 months of age, had an unremarkable postoperative convalescence and are thriving with normal development 12 and 9 months after surgery.
On the basis of these data, we believe that the features of successful palliative surgery for HLHS include the use of autologous valve and vascular tissue to reconstruct the aorta, the use of a small nondistorting shunt from the systemic circulation to the pulmonary artery, and the creation of a large interatrial communication. Palliative surgery can be successfully performed in neonates with HLHS with good hemodynamic results. Once this has been accomplished, a modified Fontan procedure can then be performed. The advisability of surgical management of HLHS, however, will depend on improving early results and extensive long-term follow-up.
